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PROCESS FOR MANUFACTURING A NANOWIRE STRUCTURE IN A 



SEMICONDUCTOR FILM 



DESCRIPTION 



Technical Domain And Prior Art 

[0001] The invention relates to a process for manufacturing a nanowire structure in a 
semiconductor fihn. 

[0002] The invention is used in one particularly advantageous application for the production 
of nano-circuits and particularly for the manufacture of MOS (Metal Oxide Semiconductor) 
nano-circuits. 

[0003] According to prior art, nanowire structures are manufactured in semiconductor fihns 
by DUV (Deep Ultra Violet) lithography, or by electron beam lithography, or by an alternation 
of lithography and hidden lithography. In the latter case, the resolution of the structures 
obtained can be doubled. 

[0004] The smallest nanowire structures obtained in the past have a width equal to 
approximately 100 nm. 

[0005] This limitation is opposed to the design of smaller nano-circuits, for example with 
dimensions of the order of about ten nanometres. 
[0006] The invention does not have this disadvantage. 
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Presentation Of The Invention 

[0007] The invention relates to a process for manufacturing nanowire structures. The process 
comprises: 

- manufacture of a thin semiconductor fibn extending between a first terminal and a 
second terminal, and 

- passage of a current between the first and the second terminal so as to form at least 
one continuous overthickness in the thin semiconductor fihn by migration of a 
firaction of the semiconductor material, under the action of the current, the continuous 
overthickness being formed along the direction of the current that passes through the 
film. 

[0008] The invention also relates to a process for etching a layer using a hard mask, in which 
the hard mask used is a nanowire structure obtained by the process for manufacturing a 
nanowire structure according to the invention. 

[0010] According to the preferred embodiment of the invention, the semiconductor is n doped 
monocrystalline silicon. Other embodiments are also possible, as will become clearer after 
reading the following description. 

Brief Description Of The Figures 

[0011] Other special features and advantages of the invention will become clearer after 
reading the description of a preferred embodiment with reference to the appended figures, 
wherein: 
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- Figure 1 rq)resents a thin semiconductor film for the production of a nanowire 
structure according to the invention, 

- Figure 2 represents a nanowire structure obtained following the passage of a current 
in a thin semiconductor fikn as shown in Figure 1 ; 

- Figure 3 shows a sectional view of the structure shown in Figure 2; 

- Figure 4 shows an additional step in the formation of nanowires fi-om the nanowire 
structure shown in Figure 2; 

- Figures 5A and 5B show etching steps using the previously obtained nanowire 
structure as the etching mask. 

Detailed Description Of Embodiments Of The Invention 

[0012] Figure 1 shows a thin semiconductor film for making a nanowire structure according 
to the invention. 

[0013] According to the preferred embodiment of the invention, the thin semiconductor film 1 
is an n doped monocrystalline silicon thin film. The n doped monocrystalline siUcon thin film is 
formed on a layer of silica 2 (Si02) that is itself formed on a thick silicon layer 3. The thin 
doped monocrystalline silicon film is fomied by any known lithography technique and/or any 
known etching process. For example, the AFM (Atomic Force Microscope) lithography 
technique may be used as described in the article entitled "Electronic transport properties of 
single-crystal silicon nanowires fabricated using an atomic force microscope'' published in 
Physica E, vol. 13, 999-1002 (2002). The doped monocrystalline semiconductor thin fihn 1 is 
connected to a first terminal 4 at one end, and to a second terminal S at a second end. The 
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terminals 4 and 5 form the electrical conducting contacts. For example, they may be made from 
degenerated silicon. 

[0014] As a non-limitative example, the results that will be given below correspond to an n 
doped monocrystalline silicon thin fihn with a thickness e typically between 15 and 20 nm, with 
width 1 equal to approximately 0.7 [im and length L equal to approximately 1.3 jam. 
[0015] Figure 2 shows an example of nanowire structure obtained following passage of a 
current in a thin semiconductor film like that shown in Figure 1, and Figure 3 is a cross- 
sectional view of the nanowire structure shown in Figure 2. 

[0016] For passage of current, the terminal 4 is connected to a potential VD, the terminal 5 to 
a reference potential VS (for example the circuit ground), and the thick layer of monocrystalline 
silicon 3 is connected to a substrate potential VB. 

[0017] The potential difference VD - VS introduces a current in the semiconductor fihn 1 . 
Unexpectedly, the structure of the thin layer of monocrystalline siUcon 1 is modified as current 
passes through it. This modification consists of the appearance of overthicknesses that form 
along the direction of the current that passes through the fihn. 

[0018] The example shown in Figure 2 shows linear overthicknesses. The invention also 
relates to other forms of overthicknesses due to the fact that the direction of the current that 
passes through the film is not necessarily linear but it may be in other forms. 
[0019] In the example chosen, the structure modification appeared for a potential difference 
VD - VS greater than 15V corresponding to a value of the current density J equal to 
approximately 2x10^ A.cm^. Dependmg on the chosen example, there are three 
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overthicknesses, Rl, R2 and R3. The width of each is equal to approximately 45 nm and their 
height is equal to approximately 7 nm. Overthicknesses are formed due to the fact that the 
conductivity of the thin fihn of monocrystalline silicon is not uniform. High conductivity zones 
lead to a migration of material and consequently to the formation of overthicknesses. Material is 
migrated along the direction of the electrical field, in the direction opposite the direction of the 
electron current, unlike what happens during the electromigration phenomenon with metals. 
Overthickness zones are stable in time. Thus, it has been observed that these zones do not vary 
significantly after a duration of 30 minutes, and that the value of the current that passes through 
them is approximately the same. Application of a potential difference equal to 20V has caused 
failure of the circuit. 

10020] In general, it has been observed that the current passage time does not have an 
influence on the formation of overthicknesses. All that needs to be controlled is the current 
density in the monocrystalline semiconductor film. The range of current densities that can cause 
the formation of overthicknesses depends on the semiconductor. The maximum value is given 
by the limit beyond which the circuit fails. In the case of sihcon, overthicknesses appear for a 
current density equal to between approximately 2x10 A cm and 4 x 10 A cm . The 
concentration of doping agents is adapted so as to obtain a sufficient current density to cause 
migration of material. In the case of silicon, doping may for example be equal to approximately 
8E18W. 



5 



Express MaU No. EV3 10 859 843US 



Docket No. 034299-633 



[0021] Figure 4 shows an additional step in the formation of nanowires from the nanowire 
structure shown in Figures 2 and 3. The thin fihn 1 between overthicknesses Rl, R2 and R3 is 
then etched so as to form the nanowires Fl, F2, F3 on the surface of the silica layer 2. 
[0022] Figures 5A and 5B show etching steps using the previously obtained nanowire 
structure as the etching mask. The nanowire structure is firstly transferred onto a stack of layers 
6, 7 (see Figure 5 A). Etching of the thin fihn 1 and the layer 6 between the overthicknesses Rl, 
R2 and R3 causes the formation of nanowires Fl, F2 and F3 carried by the nanostructures 6a, 6b 
and 6c respectively (see Figure 5B). It is also possible to obtain a structure like that shown in 
Figure 5B by transferring only the wires Fl, F2 and F3 onto the layer 6. Furthermore, if there is 
no process for selective etching of layer 6 with respect to the thin semiconductor film 1, it is 
also possible to use an intermediate layer on which the nano-structure is transferred before the 
step to etch the layer 6, in a known manner using the SOI (Silicon On Insulator) technology. 
[0023] According to the preferred embodiment of the invention described above, the 
semiconductor is an n doped monocrystalline silicon. 

[0024] According to other embodiments of the invention, the semiconductor may be n or p 
doped. It may be made of sihcon, but it may also be an SiGe or SiGeC alloy. The semiconductor 
may also be not doped. In the case of an undoped semiconductor, the current causing migration 
of material is obtained by creation of a density of carriers due to the electrostatic influence of a 
grid, for example made of polycrystalline silicon or metal located close to the thin 
semiconductor fihn. As a non-limitative example, the substrate on which the thin semiconductor 
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film is formed may also act as this grid and in this case, the semiconductor fibn is very thin, for 
example a few nanometres thick. 
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